To compare anthropometric measurements and to define their behavioural associations in migrant and British-born South Asians (who have increased cardiovascular risk) or Italians (who have reduced cardiovascular risk), and in the general population of British women living in the west of Scotland. STUDY DESIGN: Cross-sectional survey of women aged 20 -42 y, selected mainly from birth registration data, which included 63 migrant South Asians, 56 British-born South Asians, 39 migrant Italians, 51 British-born Italians, and 50 subjects representative of the general population of women, all resident in the west of Scotland. MEASUREMENTS: Height, weight, body mass index (BMI), and waist and hip circumferences. RESULTS: With age adjustment, migrant South Asians (0.88) had greater waist-to-hip ratio than British-born South Asians (0.84; P < 0.05), while there was no difference between migrant (0.81) and British-born (0.79) Italian groups. Both migrant (P < 0.001) and British-born South Asian (P < 0.05) groups had higher waist-to-hip ratio and were about 3 cm shorter than Italian groups and the general population. Neither weight nor BMI were different between ethnic groups. Waist and hip circumferences were not different between migrant and British-born ethnic minority groups. Migrant South Asians (86.8 cm) had significantly (P < 0.05) larger waist circumference than the general population (78.6 cm). British-born Italian women (103.0 cm) had larger hip circumference than the general population of women (96.4 cm), while other groups had similar hip circumferences. Additional adjustments for physical activity, smoking, alcohol consumption and parity reduced the differences in anthropometric measurements: only waist-to-hip ratio of migrant South Asians remained significantly (P < 0.01) higher than that of the general population women. CONCLUSIONS: The adverse anthropometric indicators of cardiovascular risk in migrant South Asian women are substantially explained by their lifestyle factors and parity. British-born South Asian women are more similar to the general population women. Anthropometric differences between migrant or British-born Italians and the general population women are small.
Introduction
A number of studies have reported the development of obesity in South Asian migrant groups, and also a more marked central fat distribution than in the general population. 1 These differences give rise to concern in relation to the associated increase in cardiovascular risk. The present study provided the opportunity to examine body weight and anthropometric measurements in groups of women originating from South Asia and from Italy resident in the west of Scotland, in relation to women representative of the general British population. The groups were recruited using the same randomisation procedures and allow identification of migrants and subsequent generations after migration. These groups of South Asian and Italian women were studied because they demonstrate contrasting coronary risk profiles, despite both groups having originated in countries where ischaemic heart disease is rare. It has been documented that South Asian migrant women aged 20 -69 y who came to England and Wales have a standardised mortality ratio for coronary heart disease which rose from 128 in 1970 -1972 to 146 in 1979 -1983 . 2, 3 Italian migrant women on the other hand had a standardised mortality ratio for ischaemic heart disease of 62 in 1970 -1972 and 78 in 1979 -1983 . These figures indicate a rise in the risks of coronary heart disease in both these groups compared with that of the general population (standard mortality ratio ¼ 100) at a time when the heart disease rates in women have been rising, but the difference between the groups is striking.
Methods

Participants
To sample ethnic minorities it is often necessary to collate a sampling frame from more than one source, 4 and to allow marginal exceptions to the limits of control variables where numbers are scarce. The present study was ambitious in comparing two minorities, in controlling for age and lifestyle factors, and in comparing those born abroad and in Britain. However, it was restricted to women because it is the gain in weight and coronary heart disease risk of South Asian women which is most marked following migration, and because women are generally responsible for food preparation.
The inter-relationships between ethnicity, race, migration as well as other cultural and genetic backgrounds are complicated. The definition of ethnicity in the present paper was based on Senior and Bhopal's recommendation. 5 The greater part of the sample was obtained from the Registrar General's records of births in Glasgow for the period 1979 -1991 and July -December 1992. Maiden name and country of birth were used to make an initial selection, and were supplemented by details of date of birth and general practitioner provided by Greater Glasgow Health Board and, in the case of Italian-born women, by the Lanarkshire and Argyll and Clyde Health Boards. Additional names for the British-born South Asian and Italian sub-samples were obtained from the Greater Glasgow Health Board birth records for 1991 -1993, with potential respondents selected initially by maiden name and then on the basis of their NHS number, which indicates British-born or immigrant status. All ethnic minority samples were screened by name. South Asian groups can be screened by name with high levels of accuracy. For Italian names, rates of false negatives are unknown but rates of false positives differed little from those for South Asian names.
The decline in Italian immigration to Scotland in recent years has resulted in only a small number of suitable firstgeneration women being available to the study. It was planned to enlarge the first-generation sub-sample by including some women born in the UK soon after parental migration, but such women were few. Recruitment through the contacts of Italians already identified proved the most successful way of completing the Italian-born sample, with respondents passing on names of others known to them who met our selection criteria.
The target age range for the whole sample was 20 -40, but this was marginally relaxed by the inclusion of three 41 yolds and one 42-y-old in three of the minority groups. Age distribution by the ethnic groups varied significantly (P < 0.001), not because of these relaxations, but because of the differing historic patterns of the migrations concerned. With these exceptions, women who did not fall into the 20 -40 y age range were excluded, as were any who were pregnant or had delivered in the preceding 4 months, who had been breast-feeding within 6 months or who had a diagnosed disease at the time of interview, because of the likely influence of these circumstances upon energy balance and physical measurements.
Two-hundred and fifty-nine women were identified as eligible and completed interviews (the total samples) in order to achieve the target of 175 who were able to complete 7 day food diaries, so giving 80% power to detect a difference of 4.3% total energy from dietary fat between groups.
Data procurement
Ethical permission for the study was granted by the Registrar General's Ethical Committee, the Privacy Advisory Committee and the General Practice Ethical Committee of Greater Glasgow Health Board, and by the Argyll and Clyde and Lanarkshire Health Boards. General practitioners were contacted for permission to approach their patients. Data were obtained by trained interviewers who administered a structured interview schedule, translated where necessary, and made physical measurements using standard methods. 6, 7 Demographic and personal information, including parity, about the subjects were collected in standard format.
Measurements of anthropometry, lifestyle and demographic factors
Body weight in light clothing, without shoes, was recorded to the nearest 100 g using electronic scales (Soehnle, Murrhardt, Germany). Height was measured to the nearest mm using a stadiometer (Castlemead, Herts, UK). Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Waist and hip circumferences were measured to the nearest mm with a metal tape (Holtain Ltd, Crymych, UK), at mid-way between the lower rib margin and the iliac crest, and at the maximum point over the greater trochanters, respectively. Waist-to-hip ratio was calculated from these two circumferences.
The anthropometric data presented herein form part of a much larger study which included a detailed sociological interview and 7 day weighed dietary inventory. The data Ethnic differences in anthropometry MEJ Lean et al presented in this paper relate to subjects who agreed to complete a questionnaire, not all of whom went on to complete a 7 day weighed dietary inventory. Therefore the numbers reported were different from those in the analyses of the detailed dietary data.
To assess physical activity at the broadest level, respondents were asked about several activities using a common format, 'Do you play any sport or do other recreational exercise such as swimming or dancing?', without defining a specific time frame. The proportion of positive answers was used in the analysis. Smoking status was assessed by respondents on a five category scale (never=tried once or twice=used to but gave up=smoke occasionally=smoke regularly), and those smoking occasionally or regularly are used in the present analysis. Alcohol consumption was defined on the basis of a positive response to the question 'Do you ever drink alcohol nowadays, including any which you brew or make at home?' Quantitative information on alcohol consumption was not used for this analysis.
Statistical analyses
Differences in anthropometry between generations and between ethnic groups of women were compared using analysis of variance (SPSS version 6.1.3, USA). Anthropometric measurements were used as dependent variables and ethnic groups as independent variable. To adjust for their known confounding effects on body composition, 8 age, lifestyle factors (physical activity, cigarette smoking and alcohol consumption) and parity were entered into the analysis as covariates.
Results
Two-hundred and fifty-nine of the 342 eligible women who were contacted took part, a response rate of 76%. The sample comprised 63 South Asians born on the Indian sub-continent, 56 British-born South Asians, 39 Italians born in Italy, 51 British-born Italians and 50 general population women in the west of Scotland. Three quarters of the South Asian migrants came to Glasgow after 1980, while most Italian migrants (61%) had come before then, starting in the late 1950s. In the 10 y before coming to the Glasgow area 82% of South Asian migrants had lived mainly on the Indian subcontinent, and 81% of migrant Italians had lived mainly in Italy.
South Asians were predominantly from the East (Indian) and West (Pakistani) Punjab, while Italians were mainly from the area of Frosinone in Southern Italy or from Tuscany in the north. Eighty-six per cent of migrant and 79% of Britishborn South Asians were Muslim, and 100% of migrant Italians and 88% of British-born Italians were Roman Catholic at birth, as were 38% of the general-population women. On average, migrant South Asian women had a greater number of pregnancies (3.5) compared to other groups ( 2) .
The characteristics of the five groups are shown in Table 1 . The British-born South Asian women and the general population women were younger than the other groups. The height was similar in the Europeans (about 1.6 m), who were taller than both the migrant and British-born South Asian women. The general-population women had the lowest BMI (24.4 kg=m 2 ) compared to the Italian and South Asian women (about 26 kg=km 2 ). Because age, parity (Table 1 ) and lifestyles ( Figure 1) were different between ethnic groups, these factors were entered into the analyses of variance in comparing the differences in anthropometric measurements (Table 2 ). Table 1 shows that both migrant and British-born South Asians were more than 3 cm shorter than Italian and general-population women. Neither weight nor BMI were different between ethnic groups. Waist and hip circumferences were not different between migrant and British-born ethnic minority groups. Migrant South Asians (86.8 cm) had significantly (P < 0.05) larger waist circumference than the general population women (78.6 cm). Italian women of both generations had larger hip circumference than the other groups. With age adjustment, migrant South Asians (0.88) had greater (P < 0.05) waist-to-hip ratio than British-born South Asians (0.84), whilst there was no difference between migrant and British-born Italian groups. Both migrant (P < 0.001) and Independent t-tests for differences from general population women in the west of Scotland: { P < 0.001, { P < 0.01. *P < 0.05, NS ¼ not significant.
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British-born South Asian (P < 0.05) groups had higher waistto-hip ratio than the Italian and general population women women. Table 3 shows that, with the additional adjustments for physical activity, cigarette smoking, alcohol consumption and parity, the differences in anthropometric measurements were diminished, but waist-to-hip ratio of migrant South Asians remained significantly (P < 0.01) higher than that of the general population women.
Discussion
Anthropometric measurements have been extensively studied as indicators of health hazards, particularly cardiovascular risk. High BMI, a crude indicator of body fat, predicts cardiovascular disease and diabetes in women. High waist circumference has a stronger relation than BMI with cardiovascular and diabetic risk, because it reflects both total body fat and fat distribution, 6 and also the more important intraabdominal fat. 9 The waist-to-hip ratio is a weaker predictor of health risks. 10 A low hip circumference is an independent predictor of type 2 diabetes mellitus.
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In the present study, the unadjusted data (Table 1) showed apparently large interethnic differences in BMI, waist and hip circumferences and waist-to-hip ratio, which are similar to other migrant studies. After age adjustment, the migrant South Asian and Italian women had a BMI 
Representative of general population women in the west of Scotland aged 20 -40 y.
Ethnic differences in anthropometry MEJ Lean et al which was well matched to that of the general British population women in the west of Scotland. Migrant South Asians had higher waist circumference and waist-to-hip ratios, but these were mostly explained by differences in age, physical activity and parity. Cigarette smoking and alcohol consumption, which can also influence anthropometry, 8 were less important in the present study. There were no differences in anthropometry between the British-born South Asians and the general population women. Both migrant and British-born Italians had similar anthropometric measurements to the general population women. To some extent, therefore, the present results offer hope that some of the high cardiovascular risks of South Asians in Britain may be overcome by lifestyle modification, and that the risks may reduce over generations through acculturation.
There were significant differences in parity between migrant South Asian women and the other groups, which could explain differences in waist circumference, although this may not be a direct cause of altered body composition. Lower physical activity (Figure 1 ) in the migrant South Asians may have been influenced by parity, and lower physical activity is a plausible explanation for more central body fat distribution. South Asian migrants and British-born South Asians both have significantly lower levels of physical activity than the general population women and the Italians (Figure 1 ). Eighty-two percent of migrant South Asians, 77% of British-born South Asians engaged in no sport or recreational exercise, compared with approximately 50% in Italians and in the general population women. The pattern was slightly different for physical activity in the course of housework, gardening or through employment. Thirty-eight percent of the general population sample reported occasionally working enough to become breathless. The corresponding figure for South Asian groups was 25%, and Italians 26%. It is worth noting that these migrant populations in the west of Scotland have a relatively high socio-economic profile compared to the general population, so sedentary occupations are likely to have had some influence. The data leave little room for genetic differences in anthropometry. Migration is a very major personal and social event, potentially associated with stress, either as a reason for or a consequence of migration. 12 -14 Stress itself can lead to disordered eating and weight gain, 15 which may be exaggerated when food is plentiful and demands for physical exertion are low. Many migrant groups come from countries where being overweight is still a mark of status and well-being, 16 and while attitudes to status had changed in the present study, health was still perceived to be associated with large body size. 17 Several other studies of South Asian migrants to Britain have described worrying prevalences of obesity assumed to mark rapid fat accumulation after migration from mainly rural origins. 18 Bhatnagar et al found that migrant women from Punjab had a BMI of 27.4 kg=m 2 , compared with BMI of their siblings who remained in South Asia at 22.7 kg=m 2 . 19 There is no previous evidence for the persistence of overweight in subsequent generations of British-born South Asians.
Dietary influences on fatness are complicated, but most experimental and observational evidence tends to incriminate dietary fat rather than carbohydrate or protein. 20, 21 The dietary data from the present study are reported in detail elsewhere (Anderson et al, unpublished). While previous reports in South Asian migrants have been mixed with respect to the macronutrient composition of the diet, the present study found higher intakes of fat in the migrant South Asian sample than in the general population, and lower intakes amongst the migrant Italians. In the Britishborn South Asians and Italians the figures were intermediate, suggesting an effect of acculturation, and move towards fat intake of the general population.
Increased cardiovascular risk amongst South Asian migrants has been related to their increased waist-to-hip ratio or waist circumference and the associated insulin resistance syndrome, 22 which is believed to relate to the total mass of adipose tissue within the abdomen. 1 The lifestyle factors which are associated with, and may promote, a more central fat distribution include high alcohol consumption, 
Conclusions
The data presented in this paper come from carefully recruited samples which are representative of the population women in the west of Scotland aged 20 -40 y from which they were drawn. Generalisation to ethnic minorities in other regions or to men must be cautious, but the data support the conclusion that physical inactivity, smoking, alcohol consumption ( Figure 1 ) and parity (Table 1) are important factors for central fat accumulation which predisposes to cardiovascular risks in South Asian women. Physical inactivity and high parity are the major modifiable components in South Asian women, and young women in this ethnic group should be encouraged to retain their cultural opposition to smoking.
